Objective: In patients with type 2 diabetes mellitus (T2DM), biomarkers reflecting inflammation and endothelial dysfunction have been linked to cardiovascular disease (CVD biomarkers) and metabolic regulation. In T2DM patients, metformin and insulin secretagogues have demonstrated equal antihyperglycaemic potency. Here, we report the effect of metformin versus an insulin secretagogue, repaglinide, on CVD biomarkers in non-obese T2DM patients. Design and methods: Single-centre, double-masked, double-dummy, crossover study during 2!4 months involving 96 non-obese (body mass index%27 kg/m 2 ) insulin-naïve T2DM patients. At enrolment, previous oral hypoglycaemic agents were stopped and the patients entered a 1-month runin on diet-only treatment. Hereafter, patients were randomized to either 2 mg repaglinide thrice daily followed by 1 g metformin twice daily or vice versa each during 4 months with a 1-month washout between interventions. Results: Levels of tumour necrosis factor-a, plasminogen activator inhibitor-1 antigen, tissue-type plasminogen activator antigen, von Willebrand factor, soluble intercellular adhesion molecule-1 and soluble E-selectin were significantly lower during metformin versus repaglinide treatments. In contrast, Amadori albumin and heart rate were higher during metformin versus repaglinide. Levels of interleukin-6, fibrinogen, soluble vascular cell adhesion molecule-1, asymmetric dimethylarginine and advanced glycation end products as well as glycaemic levels (previously reported) and 24-h blood pressure were similar between treatments. Adjustment for known macrovascular disease did not affect the between-treatment effects. Conclusions: In non-obese T2DM patients, metformin was more effective in reducing selected biomarkers reflecting inflammation and endothelial dysfunction compared with repaglinide despite similar glycaemic levels between treatments.
Background
Patients with type 2 diabetes mellitus (T2DM) have an increased risk of cardiovascular disease (CVD) when compared with individuals without diabetes (1). Conventional risk factors such as dyslipidaemia, smoking and/or hypertension do not fully explain the extent of cardiovascular mortality in patients with diabetes (2). Mechanisms related to inflammation as well as endothelial function have been implicated in the pathophysiological process leading from the formation of atherosclerotic plaques to clinical events of thrombosis in patients with diabetes (3). In accordance with these concepts, markers reflecting inflammation (e.g. C-reactive protein (CRP), interleukin-6 (IL-6), tumour necrosis factor-a (TNF-a) and fibrinogen) and endothelial dysfunction (e.g. von Willebrand factor (vWf), soluble adhesion molecules, asymmetric dimethylarginine (ADMA), tissue-type plasminogen activator, plasminogen activator inhibitor-1 and albuminuria) have been shown, independent of conventional risk factors, to be associated with the risk of CVD and/or CVD mortality in individuals with T2DM, nondiabetic subjects and/or the general population (4-13).
Also, biomarkers related to adiposity and insulin sensitivity (e.g. adiponectin) as well as glycation of proteins (e.g. Amadori products and advanced glycation end products (AGE)) have been linked with the atherosclerotic processes (11, 14, 15) . Here, we collectively term these non-conventional CVD risk markers 'CVD biomarkers'. Interrelations between the CVD biomarkers and the glycaemic variables have been suggested (16) (17) (18) . Thus, biological mechanisms both dependent and independent of glycaemia might influence the CVD biomarkers. As yet, few studies have compared the effect of various anti-hyperglycaemic treatment regimens on CVD biomarkers, and most studies were in obese patients with T2DM (17, (19) (20) (21) (22) (23) (24) (25) (26) (27) .
Metformin is an oral anti-hyperglycaemic agent which enhances insulin sensitivity and lowers hepatic glucose output (28) . In obese patients with T2DM, metformin is currently the drug of first choice due to its bilateral effect on glycaemic regulation and cardiovascular protection (29, 30) . However, obese and non-obese patients with T2DM experience a similar cardiovascular risk (31, 32) and the use of metformin even in the non-obese patients with T2DM might be beneficial as well. Recently, in non-obese patients with T2DM, we demonstrated equal anti-hyperglycaemic potency between metformin and the insulin secretagogue repaglinide (33) . Repaglinide is a glibenclamide moiety belonging to the short-acting meglitinide analogue insulin secretagogues. Repaglinide has demonstrated similar anti-hyperglycaemic potency compared with sulphonylurea insulin secretagogues (34) . In addition, repaglinide has shown improved potency on clinical CVD surrogate markers when compared with sulphonylurea insulin secretagogues (e.g. a decrease in carotid intima-media thickness and inflammatory markers with repaglinide versus glyburide, i.e. glibenclamide, (23) as well as improved brachial artery reactivity with repaglinide versus glibenclamide (35) ). Whether metformin has equal potency on potentially important CVD biomarkers when compared with an insulin secretagogue in non-obese patients with T2DM is unknown. We therefore aimed to investigate the effect of metformin versus repaglinide treatment on CVD biomarkers in insulin-naïve non-obese patients with T2DM.
Materials and methods
The study design as well as the results of glycaemic regulation have been published in details previously (33) . Briefly, it was an investigator-initiated, singlecentre, randomized, double-masked, double-dummy, crossover study of 96 non-obese (body mass index (BMI)%27 kg/m 2 ) insulin-naïve patients with T2DM. The diagnosis of T2DM was established if patients were older than 40 years of age at the onset of diabetes, had no history of ketonuria or diabetic ketoacidosis and, at enrolment, presented with a fasting serum C-peptide R300 pmol/l or a non-fasting or glucagon-stimulated C-peptide R600 pmol/l. At enrolment, patients stopped previous oral hypoglycaemic agents (OHA) and began a 1-month run-in period on diet-only treatment. Patients with haemoglobin A 1c (HbA 1c ) R6.5% after the run-in period were randomized to treatment sequences of either 2 mg repaglinide thrice daily followed by 1 g metformin twice daily, or vice versa, each for a period of 4 months with a 1-month washout between interventions. The primary end point was HbA 1c and the secondary end points were other glycaemic variables and CVD biomarkers. Blood pressure, albuminuria, as well as markers of inflammation and endothelial dysfunction were measured during the last week before the patient entered a treatment period and on the last day of each treatment period. Of the 96 randomized patients, 20 (21%) dropped out, leaving 76 patients (79%) who completed the trial (83 and 82 patients completed a treatment period with metformin and repaglinide respectively). Ten (11%) versus seven (8%) patients were excluded during metformin and repaglinide treatments respectively. Three (3%) further patients dropped out during the washout period.
The study was conducted in accordance with the Declaration of Helsinki and was approved by the Ethics Committee of Copenhagen County, Denmark.
Data on HbA 1c , additional glycaemic variables, highsensitivity CRP (hsCRP) and adiponectin have been reported elsewhere (33) .
Blood sampling
Patients were investigated at the Steno Diabetes Center, Gentofte, Denmark. Blood samples were drawn with minimal venous occlusion between 0800 and 0900 h after a 10-h overnight fast and 25-min supine rest. Plasma and serum samples were prepared by centrifugation at 2000 g for 10 min at 20 8C and immediately frozen hereafter. The samples for measurement of circulating biomarkers were stored at K80 8C until analysis.
Biochemical analyses and other
Commercially available ELISA kits were used for the measurements of serum levels of soluble vascular cell adhesion molecule-1 (sVCAM-1), soluble intercellular adhesion molecule-1 (sICAM-1), soluble E-selectin (sE-selectin) (Diaclone, Besançon, France), IL-6 (Quantikine High Sensitivity; R&D Systems, Oxon, UK) and adiponectin (ACRP30, Linco Research, St Charles, MO, USA). Plasma samples for measurement of fibrinogen (MultifibrenU; Dade Behring, Marburg, Germany), tissue-type plasminogen activator antigen (t-PA-ag) (Immulyse t-PA; Biopool, Umeå, Sweden), Amadori albumin (ELISA (36) ) and vWf antigen were collected in 4.5 ml vacutainer tubes containing natrium citrate 129 mM. Levels of vWf antigen and serum CRP were determined by highly sensitive enzyme immunoassays (37) . Levels of vWf are expressed as percentage of antigen levels in normal pooled plasma. The plasma samples for measurement of plasminogen activator inhibitor-1 antigen (PAI-1-ag) (TintElize PAI-1; Biopool) were collected in 5 ml vacutainer containing a premixed solution of 0.5 ml of 110 mM citrate monohydrate, 15 mM teophyllin, 3.7 mM adenosine and 0.198 mM dipyridamol. ADMA (HPLC (38) ), TNF-a (Quantikine High Sensitivity; R&D Systems), AGE peptides, N 3 -carboxymethyllysine (CML) and N 3 -carboxyethyl lysine (CEL) were measured in EDTA plasma. AGE peptides were measured according to the method described by Wrobel et al. (39) . Levels of CML and CEL were measured by stable-isotope dilution tandem mass spectrometry (40) . Urinary albumin excretion rate (UAER) was estimated from a single 24-h urine sample by turbidimetry (Hitachi 912, Roche Diagnostics, Mannheim, Germany). Twenty-four-hour ambulatory blood pressure and heart rate measurements were performed with the Takeda TM-2421 device (A&D Instruments, Tokyo, Japan) performing automated measurements with 15-min intervals during the daytime (from 0700 to 2259 h) and 30-min intervals during the night-time (from 2300 to 0659 h). The measurements were averaged over each hour before statistical analysis. Mean arterial blood pressure was defined as diastolic blood pressure plus one-third of the pulse pressure (i.e. the difference between systolic and diastolic blood pressures). At enrolment, office blood pressure was measured with a digital automatic device UA-779 (A&D Instruments Ltd, Abingdon, Oxon, UK), one measurement on each arm after a minimum of 5-min rest in the upright sitting position. The mean of the two measurements was used as the level of office blood pressure at enrolment. Macrovascular disease was defined as known atherosclerotic disease (e.g. stroke, ischaemic heart disease or peripheral arterial disease). Microalbuminuria and macroalbuminuria were defined as an UAER 30-299 or R300 mg/d respectively, in two out of three consecutive 24-h urine collections prior to enrolment. Neuropathy was defined as symptomatic or clinical signs of peripheral or autonomic neuropathy. Data on retinopathy was obtained from patient records.
Statistical analysis
We evaluated the randomized population (nZ96 patients). However, for treatment effects, only patients who completed at least one treatment period (nZ89 patients) were included in the analysis. Each outcome was evaluated after the run-in period (before initiating treatment in the first treatment period), referred to as the 'first-period baseline', and at the end of each treatment period, referred to as 'end of treatment'. The target parameter was differences in treatment effects between interventions, evaluated by comparisons of end of treatment levels from both treatment periods with that of the first-period baseline (i.e. 'change from first-period baseline').
Data were analysed with a linear normal mixed model with the subject as a random effect. Treatment type (metformin or repaglinide), treatment sequence (metformin followed by repaglinide or vice versa), the period effect and the first-period baseline were included as fixed effects. This model enables information from incomplete blocks, i.e. those with dropouts, to be included when estimating treatment effects (both within-and betweensubject information were included) (41) . In a two-period crossover study, it is not possible to estimate carry-over phenomena (42) . We had no prior suspicion of carryover phenomena at the end of the trial (i.e. 5 months after cessation of the first-period treatment). We have therefore assumed a no carry-over situation, which has been considered as a reliable approach in a two-period crossover study (43) . However, by using the model as outlined above, the potential occurences of any unexpected carry-over phenomena at the end of the trial have been adjusted for to the degree such phenomena influenced the effects of period and/or treatment sequence. Also, the degree to which the change from first-period baseline was influenced by the effect of period has likewise been adjusted for by this model. Thus, all given within-(i.e. change from firstperiod baseline) and between-treatment estimates are readily comparable. The effect of subgroups of patients according to previously diagnosed macrovascular disease was examined by interaction analyses as well as adjustment for subgroup. The effect of metabolic variables (i.e. HbA 1c , body weight and fasting serum insulin) was examined by adjustment for their current levels (i.e. first-period baseline and on-treatment).
Data are presented as raw values (i.e. without statistical modelling) either given as mean (S.D.) or, for non-normally distributed variables, as the median or geometric mean (range). Treatment effects are reported as derived by the model given as means (95% confidence intervals (CI)). End points with non-normally distributed residuals or random effects were logarithmic transformed before analysis. The treatment effects for these end points are reported as percentage changes. For AGE peptides, untransformed or logarithmic transformed data did not show normally distributed residuals. AGE peptides data were therefore analyzed with a non-parametric Wilcoxon signed ranks test. The level of significance was 5% (two sided).
All statistical analyses were done with SPSS v. 14.0 (Chicago, IL, USA).
Results
Details of patient characteristics at enrolment have been presented elsewhere (33) . Briefly, the 96 randomized patients were all Caucasians and predominantly men (women: nZ23; men: nZ73). At enrolment, their mean age was 61.4 (9.3) years and median known duration of T2DM was 4 (0; 28) years. Mean BMI was 24.8 (2.0) kg/m 2 and mean HbA 1c was 7.45% (0.85) at pre-study anti-hyperglycaemic treatment (diet-only, nZ16; OHA monotherapy, nZ65; OHA combination therapy: nZ15). Mean office blood pressure was 146.5 mmHg (17.8) systolic and 82.2 mmHg (9.6) diastolic. A total of 30 (31%) patients presented with retinopathy and 27 (28%) patients with micro-or macro-albuminuria. A total of 21 (22%) patients had known macrovascular disease and 70 (73%) patients presented with neuropathy. At enrolment, 52 (54%) patients received anti-hypertensive therapy, 43 (45%) patients received aspirin and 29 (30%) patients received lipid-lowering treatment as concomitant non-study medication (33) . First-period baseline data are summarized in Tables 1 and 2 . A total of five patients (5%) had positive glutamic acid decarboxylase-65 (GAD65) antibody titres (above 31 U/ml). Also, a total of five patients (5%) had fasting serum C-peptide levels below 300 pmol/l at first-period baseline. Hereof, four patients demonstrated non-fasting serum C-peptide levels above 600 pmol/l and, upon re-test, one patient demonstrated fasting serum C-peptide levels above 300 pmol/l. Also, among these five patients, four of them were GAD65 antibody negative and one patient (a dropout patient) had missing value (33).
After close-out, genotyping was performed. One patient was diagnosed with maturity onset diabetes of the young type 3 (MODY-3). The patient presented with a fasting C-peptide of 574 pmol/l at first-period baseline. The patients were not screened for maternally inherited diabetes and deafness, but no patient presented with signs of hearing loss).
Endpoints
During metformin treatment levels of TNF-a, PA1-ag, t-PA-ag, vWf, sICAM-1 and sE-selectin were significantly lower when compared with repaglinide. In contrast, Amadori albumin and heart rate were higher with metformin versus repaglinide. The change in IL-6, fibrinogen, sVCAM-1, ADMA as well as 24-h blood pressure and albuminuria were not significantly different between treatments (Table 3) . Levels of AGE peptides, CML and CEL did not change significantly during either treatment compared with first-period baseline or between treatments (data not shown).
The test for interaction (heterogeneity) of study-drug treatment by the presence (nZ21)/absence (nZ75) of known macrovascular disease was not significant for any of the investigated variables. Also, adjustment for the presence/absence of known macrovascular disease did not change the overall between-treatment Table 1 First-period baseline data for variables associated with cardiovascular disease risk in non-obese patients with type 2 diabetes (data are obtained after a 1-month washout with diet-only treatment after stopping pre-study anti-hyperglycaemic treatment). effects substantially for any of the investigated variables (data not shown).
Endpoint
When adjusted for the current levels of HbA 1c , body weight and fasting serum insulin, the levels of TNF-a, t-PA-ag, sE-selectin and Amadori albumin were no longer significantly different between treatments, whereas levels of sVCAM-1 became significantly lower during metformin versus repaglinide (mean (95% CI) percentage difference in the levels of sVCAM-1 during metformin versus repaglinide adjusted for the current levels of HbA 1c , body weight and fasting serum insulin: K3% (K5; K0), PZ0.033). The between-treatment effect for other variables did not change substantially. Also, levels of sVCAM-1 were significantly lower during metformin versus repaglinide after exclusion of the five patients diagnosed with positive GAD65 antibody titres (mean (95% CI) percentage difference in the levels of sVCAM-1 during metformin versus repaglinide after exclusion of five patients with positive GAD65 antibody titres: K3% (K5; K0), PZ0.029). Otherwise, other variables did not change substantially after exclusion of either the five patients diagnosed with positive GAD65 antibody titres or the patient diagnosed with MODY-3 (data not shown).
Discussion
In 96 non-obese patients with T2DM treated for 4 months with either metformin or repaglinide, we found significantly lower levels of several circulating non-glycaemic biomarkers associated with the risk of CVD (TNF-a, PAI-1-ag, t-PA-ag, vWf, sICAM-1 and sE-selectin) (4, 6-9) during metformin compared with repaglinide treatments. In contrast, heart rate and Amadori albumin were significantly higher during treatment with metformin versus treatment with repaglinide with no difference in 24-h blood pressure, albuminuria, AGE peptides, CML or CEL between treatments. The observed effects were independent of whether individuals had known macrovascular disease. Data for metformin and repaglinide represent patients who completed a treatment period with either drug (metformin, nZ83; repaglinide, nZ82; total, nZ89). Hence, identical first-period baseline data from patients who completed a treatment period with both drugs (nZ76) are included in the metformin as well as in the repaglinide groups (i.e. such patients are included twice in the table). Moreover, except explicit stated (see note b, below), first-period baseline data are also included for patients who completed one or both treatment periods, but despite this had missing values at end of treatment (i.e. missing values at end of treatment could appear due to, e.g. technical difficulties with analytical assays or other). For first-period baseline data in all 96 randomized patients with each patient included only once, please see Table 1 . All plasma and serum variables were measured in the fasting state. Data are natural logarithmic transformed prior to the analysis of changes from first-period baseline and between-treatment effects. Percentage differences are shown with no decimals. d Total number of patients with available data included in the statistical model (see statistical section of Materials and methods for details). The maximum number of missing values due to other causes than dropout (e.g. due to technical difficulties with the analytical assays or other) was observed for tumour necrosis factor-a (TNF-a) for metformin as well as for repaglinide (number of patients with available data on TNF-a at end of treatment: metformin: nZ81 and repaglinide: nZ78). Otherwise, the numbers of patients in each of the two treatment groups at end of treatment and as changes from first-period baseline effects are not shown. e Percentage change in the absolute levels at end of treatment versus the absolute levels at first-period baseline. From the present trial, we have previously reported similar glycaemic regulation as well as significant reductions in conventional independent predictors of CVD related to body weight, insulinaemia and cholesterolaemia during metformin than repaglinide treatments (33, 44) . Our present findings extend these observations to include a favourable effect of metformin versus repaglinide on several independent predictors of CVD related to inflammation and endothelial dysfunction (TNF-a, PAI-1-ag, t-PA-ag, sICAM-1 and vWf) (4, 6-8). These findings support the conclusion from the UK Prospective Diabetes Study (UKPDS) that the cardiovascular benefits of metformin in T2DM add beyond its effect on glycaemia (30) . Most importantly, the present data indicate that this notion extends to include even non-obese patients with T2DM.
In predominantly obese patients with T2DM, metformin has previously been shown to decrease levels of vWf, sVCAM-1, ADMA, methylglyoxal (i.e. a major precursor in the formation of AGE) and albuminuria (19, 37, (45) (46) (47) (48) and either decrease (20, 22, 37, (49) (50) (51) or having no significant effect (19, 20, 24, 37, 50) on circulating levels of CRP, TNF-a, PAI-1-ag, t-PA-ag, sICAM-1 and sE-selectin. For albuminuria, also an increase has been observed after metformin therapy (37) . The observed lack of significant difference in the present study in the levels of IL-6, fibrinogen and adiponectin is in accordance with previous data for metformin in predominantly obese patients with T2DM (20, 24, 26, 37, 48, 51) . Repaglinide has been shown to decrease levels of CRP, IL-6 and PAI-1-ag (21) (22) (23) 27) and either to decrease (27) or have no significant effect on levels of fibrinogen (21, 52) in predominantly obese patients with T2DM. The disparity between these results and our present data could be due to differences between studies in trial designs, e.g. observational versus intervention, uncontrolled versus controlled; patient characteristics, e.g. obese versus non-obese, OHA-naïve versus insulin-naïve patients etc. In fact, several CVD biomarkers (e.g. TNF-a, adhesion molecules, vWf, t-PA-ag and PAI-1-ag) have been associated with phenotypes of the metabolic syndrome (16) (17) (18) . From the present study, we have previously reported a non-significant difference in levels of HbA 1c (0.17 percentage points), significantly lower body weight (1.58 kg) and significantly lower fasting serum insulin levels (13%) during metformin than repaglinide treatments (33) . Accordingly, adjustment for the current levels of metabolic variables (i.e. HbA 1c , body weight and insulin levels) influenced the study-drug effect on a number of the investigated CVD biomarkers (TNF-a, t-PA-ag, sVCAM-1, sE-selectin and Amadori albumin). Levels of sVCAM-1, a marker of endothelial dysfunction, cardiovascular risk and mortality (9, 13), became significantly lower during metformin versus repaglinide, whereas levels of TNF-a, t-PA-ag, sE-selectin and Amadori albumin were no longer significantly different between treatments.
Hence, even after adjustment for the potential effect of differences in the prevailing levels of metabolic variables, metformin treatment was still associated with significantly lower levels of several CVD biomarkers related to endothelial dysfunction (i.e. PAI-1-ag, vWf, sICAM-1 and sVCAM-1). This underscores the nonglycaemic as well as the non-obesity dependent potential beneficial effect of metformin treatment on CVD risk factors compared with an insulin secretagogue, repaglinide.
Despite our finding that hsCRP was not significantly different between treatments, the significantly lower levels of TNF-a during metformin suggest an increased anti-inflammatory effect with metformin versus repaglinide -although not significantly different after adjustment for metabolic variables as outlined. To our knowledge, the nature of causality between low-grade inflammation and metabolic variables has not been fully elucidated. Hence, whether changes in inflammatory markers (or the inflammatory state per se) are upstream or downstream (or both) from changes in metabolic variables remains to be established. We therefore conclude that the observed effect on TNF-a of metformin versus repaglinide was associated with changes in metabolic variables, but the causality between these changes cannot be determined from our data.
Recent in vitro studies have suggested that metformin activates the intracellular 'fuel-sensor', i.e. the AMPactivated kinase (AMPK). The activated AMPK, in turn, inhibits the TNF-a-induced activation of the nuclear transcription factor, NF-kB, and hereby the NF-kBinduced gene expression of sICAM-1, sVCAM and sE-selectin (53, 54) . Hence, the observed decrease in several CVD biomarkers, in the present study, may be explained by actions of metformin via the pathway of AMPK, TNF-a and NF-kB. The changes from first-period baseline in the levels of TNF-a were not significantly different from zero during either of the two treatments. Therefore, besides AMPK other, yet unknown, mechanisms (promoting, inhibitory and/or feedback) might contribute to the effect of metformin as well as repaglinide on CVD biomarkers. This is also underscored by the attenuating effect of metabolic variables on the treatment effects on several CVD biomarkers in the present study.
The lack of difference between interventions in blood pressure is in accordance with previous studies for both treatments in obese patients with T2DM (23, 24, (55) (56) (57) (58) . The observed lower 24-h heart rate during repaglinide treatment, but similar 24-h blood pressure between treatment arms is in accordance with a previous study comparing glibenclamide with metformin (59). Otherwise, for both metformin (24, 60) and repaglinide (52, 58, 61) , the most previous studies have shown no significant difference in heart rate. Whether the increased heart rate with metformin will be of clinical importance is inconclusive from our data, but total mortality rises with increasing heart rate (62) and b-blocking agents reduces mortality in proportion to the degree of heart-rate reduction (63) . However, the heart rate reduction in these trials has been at least double the magnitude (5-18 beats/min) compared with our findings.
The reduction in Amadori albumin with repaglinide suggests an improved glycaemic regulation during repaglinide versus metformin despite no significant difference in the levels of HbA 1c between treatments (33). Amadori albumin has been linked to the development of late-diabetic complications (14) and the lower levels hereof during repaglinide versus metformin suggest a potential clinical advantage during repaglinide treatment. However, other more late-stage glycation products, i.e. AGE peptides, CML or CEL (15) were not significantly different between treatments. Moreover, the between-treatment difference in Amadori albumin disappeared after correction for ambient levels of metabolic variables, including HbA 1c .
The findings of changes in CVD biomarkers in favour of metformin (TNF-a, PAI-1-ag, t-PA-ag, vWf, sICAM-1 and sE-selectin) as well as repaglinide (heart rate and Amadori albumin) suggest that the use of combination therapy might have beneficial potentials. Importantly, although the concept of combination therapy with metformin and insulin secretagogues is intriguing, it must be accepted only with great caution due to the increased mortality in patients who received such therapy in the UKPDS (30) . However, recently Monami et al. published retrospective data suggesting that, even after adjusting for known confounders related to disease severity and co-morbidity, glibenclamide (the insulin secretagogue used in the UKPDS) in combination with metformin was associated with a higher mortality compared with repaglinide or other insulin secretagogues in combination with metformin therapy (64) . The mechanism behind this finding was proposed to be an w100-fold higher binding to the sulphonylurea receptors with glibenclamide compared with repaglinide (65) . We are unaware of previous studies reporting effects of combination therapy with metformin and repaglinide on CVD biomarkers. Currently, our group are analyzing data from a clinical trial including w120 non-obese patients with T2DM who received combination therapy with metformin and repaglinide. Also, longer time (25 years) follow-up of UKPDS data should be available in near future. Such data will provide further insight into the issue of combination therapy of metformin and insulin secretagogues.
Although our findings are statistically significant, we cannot claim that they also possess unequivocally biological significant effects. Except for hsCRP and blood pressure (66, 67) , which, in our present study, did not show significant differences between treatments, to our knowledge, intervention studies of hard CVD end points do not exist for other of the presented CVD biomarkers. In our present study, except for PAI-1-ag, showing a highly statistical significant w25% betweentreatment difference, most other CVD biomarkers demonstrated lesser magnitudes of between-treatment differences in the range of w5-15%. At first glance, such a magnitude of change might seem of little or no clinical relevance. However, clinical trial as well as epidemiological data, e.g. blood pressure and cholesterolaemia, indicate that changes in these variables within a magnitude of w5%, or even less, can result in reductions in cardiovascular events (67) (68) (69) . We therefore speculate that our findings of changes in CVD biomarkers of w5-25% might result in clinical relevant reductions in CVD.
In our present study, no patient presented with absolute insulin deficiency and only few patients were diagnosed with elevated GAD65 antibody titres or a MODY-3 genotype. Importantly, excluding such patients from the analysis made only minor or no substantial changes to the overall conclusions of the betweentreatment effects. Hence, we find our data to adequately represent subjects having a phenotype of non-obesity and T2DM according to available diagnostic tools in the everyday clinical practices (i.e. anthropometric measures, glycaemia and C-peptide determinations).
In conclusion, in non-obese patients with T2DM, metformin was more effective compared with repaglinide targeting several CVD biomarkers related to inflammation and endothelial dysfunction. However, repaglinide was slightly more effective compared with metformin targeting levels of Amadori albumin and heart rate. These treatment effects were achieved despite similar glycaemic regulation with both drugs and were independent of known CVD.
